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/ d o 6 6  ABSTRACT 

Visual observations of two-phase flow (liquid and gas) have shown that 

complicated distributions of gas and liquid are present. Information on the 

void (gas volume) distribution and velocities of the phases in systems where 

flow visualization is impossible is needed for both hydrodynamic and heat- 

transfer analyses. 

Described herein is a hot-wire anemometer technique which is capable of 

detecting the void distribution. Comparison was made of the hot-wire anemom- 

eter output with high-speed motion pictures of the flow patterns. It was ob- 

served that the anemometer output could be correlated with the high-speed 

pictures. 

Statistical analysis of the anemometer results makes it possible to give 

valuable information concerning the two-phase flow patterns within a metal 

tube or channel, $7-l4~/2 

INTRODUCTION 

In the study of two-phase flow, it is important to have information about 

flow regime, void distribution, and local velocities, In general, the void 

fraction is either measured experimentally or computed using information about 
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qual i ty  and s l i p  velocity. The experimental techniques f o r  determining void 

fraction include the  use of gamma-ray attenuation, X-ray attenuation, v i sua l  

observation, propagation of sound waves, and more recently,  t h e  use of a con- 

ductance probe. 

most widely (e,g., ref. [111) 

Among these  methods, the at tenuat ion methods have been used 

but  they have poor accuracy and are unable t o  

g ive  l o c a l  and instantaneous information. The v isua l  method i s  not  feasible 

f o r  most p rac t i ca l  purposes. The method using propagation of sound tends t o  

i n t e r f e r e  with t h e  system, The more promising one i s  t h e  recent ly  developed 

method of using an electrode probe to measure conductivity between t h e  w a l l  

and t h e  probe [21, Such a probe, being t raversed i n  a channel, can measure 

t h e  s p a t i a l  d i s t r ibu t ion  of void. 

flow, s ince  the re  i s  s t i l l  no e l e c t r i c a l  cont inui ty  between t h e  probe and 

w a l l  even when a droplet  s t r i k e s  t h e  probe. None of t h e  above methods can 

g ive  information about de ta i led  s t ruc tu re  i n  two-phase flow. 

methods can y i e ld  information about flow ve loc i t ies -  

However, t h e  probe i s  useless  i n  mist 

None of these  

The purpose of t h i s  paper i s  t o  report  a new technique f o r  two-phase 

flow measurements using hot-wire anemometry, which y i e lds  information about 

void f rac t ion ,  vapor and l i q u i d  velocit ies,  turbulence level, etc. High- 

speed photography was used t o  check the  v a l i d i t y  of various measurements, 

including flow-pattern ident. if ication, void-fraction measurement, and flow 

osc i l l a t ion ,  

Theoretical  Background 

Hot-wire anemometry has been widely used i n  t h e  study of iiydrodynaTics. 

'Numbers i n  brackets designate References a t  end of paper, 
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The technique has been highly developed (e.g. , [3]), 
oped a hot-film anemometer which uses a hot film on a cylinder instead of a 

Later, Ling [41 devel- 

hot wire to give higher sensitivity, Recentlyt,Fingerson further improved 

the hot-film anemometer technique 15 1. 
. 

In conventional single-phase flow measurement, the application of the 

hot-wire anemometer is based upon the fact that the heat-dissipation rate 

from the probe varies with the flow velocity. 

heat-transfer correlation for the cooling of a cylindrical body by a cross- 

flow is of the following form: 

According to McAdams [61, the 

More recently, Collis and WTlliams [ 7 1 recommended 

with 

0,02 < Re < 44 44 < Re < 140 

n 0045 0.51 

A 24 0 

B 56 .48 

where 

D cyl-nder diameter 

h heat-transfer coefficient 

Kf thermal conductivity o r  f l u i d  evaluated z.% Tf 

Pr Prandtl number of fluid evaluated at Tf 
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Re Reynolds number, Dupf/pf 

ar i thmetic  mean temperature between cyl inder  surface and ambient Tf 

T, ambient temperature 

u 

p v i scos i ty  of f l u i d  evaluated at Tf 

pf densi ty  of f l u i d  evaluated a t  Tf 

Thus, t h e  hea t - t ransfer  coe f f i c i en t  var ies  d i r e c t l y  with t h e  square root  of 

t h e  ve loc i ty  (approximately), 

t h a t  t h e  hea t - t ransfer  coef f ic ien t  depends s t rongly upon t h e  physical prop- 

e r t i e s  of t h e  f l u i d  flowing past  t h e  cylinder. 

p roper t ies  of a f l u i d  i n  t h e  l i q u i d  s t a t e  are so  d i f f e r e n t  from those i n  t h e  

vapor st&e t h a t  t he  hea t - t ransfer  coef f ic ien t  f o r  t h e  l i q u i d  is  two o r  

t h r e e  orders  of magnitude higher than t h a t  f o r  t h e  vapor a t  t h e  same velocity,  

Thus t h e  r a t e s  of heat  d i ss ipa t ion  from a hot-wire probe exposed a l t e rna te ly  

t o  l i q u i d  and vapor are, i n  general, f a r  enough apar t  so t h a t  t h e  va r i a t ion  

due t o  t h e  change of state cannot be confused with t h a t  due t o  t h e  ve loc i ty  

f luctuat ion.  The l a rge  differences i n  hea t - t ransfer  coef f ic ien t  between t h e  

l i q u i d  and t h e  vapor states is  t h e  bas i s  f o r  t h e  appl ica t ion  of hot-wire 

anemometry t o  t h e  two-phase flow measurement, 

o f  heat-diss ipat ion ra te ,  it czn be determined whether a l i q u i d  o r  a vapor 

phase i s  passing t h e  probe, When t h e  phase i s  known, then t h e  ve loc i ty  of 

t h e  f l u i d  passing t h e  probe can a l so  be determined from t h e  power input t o  t h e  

probe i T  t h e  temperat7we differmce between probe and f l u i d  i s  known. 

i c a l l y ,  t h e  ve loc i ty  could be determined from Equation (l), 

r e a l i t y ,  ca l ibra t ion  is  needed f o r  r e l i a b l e  resu l t s ,  

ve loc i ty  of flow normal to t h e  cylinder 

It i s  a l s o  c l ea r  from Equations (1) and ( 2 )  

I n  general, t h e  physical 

I n  o ther  words, from t h e  level 

Theoret- 

However, i n  
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DESCRIPTION OF MEASURING TECHNIQUE 

The bas ic  coapor?er?t,s for t h e  two-phase flow measurement with anemometry 

consis t  of a hot-fi lm anemometer, a control u n i t ,  and a recording u n i t ,  The 

hot-fi lm probe was held a t  a prese t  temperature ( i n  general, about 30' F 

above t h e  sa tura t ion  temperature) by the  control  uni t ,  and t h e  recording u n i t  

recorded t h e  t ime-trace of power input  t o  t he  probe, From t h i s  power input 

t race ,  t h e  ve loc i ty  and t h e  physical s t a t e  of t h e  f l u i d  passing t h e  probe a t  

each i n s t a n t  can be determined. 

The hot-fi lm sensor was a g lass  cylinder 0.003 inch i n  diameter and 

1/8 inch long (Fig, 1)- 

conductive f i l m ,  and t h e  sensor w a s  then dip-coated with a l a y e r  of epoxy 

r e s i n  t o  eliminate shor t  c i r cu i t i ng  i n  water. 

A t h i n  coating of platinum was deposited t o  form a 

The g l a s s  cyl inder  was mounted 

I a t  each end of two copper l egs  1- inches long, which i n  tu rn  were connected t o  

t h e  cont ro l  un i t  through a coaxial  cable. 

w a s  loca ted  i n  the  center  of t h e  heating tube with t h e  sensor cyl inder  t rans-  

verse t o  t h e  flow. A commercial control un i t  w a s  used. The control  un i t  and 

2 
For t h e  present study, t h e  probe 

c i r c u i t r y  were e s sen t i a l ly  t h e  same as t h a t  described by Fingerson [SI. 

schematic of t h e  c i r c u i t  diagram i s  shown i n  Fig, 1. The res i s tance  of t h e  

probe w a s  set a t  a value corresponding t o  a desired probe temperature. If t h e  

probe res i s tance  began t o  depart  from t h e  prese t  value due t o  a change i n  t e m -  

perature,  t h e  control  u n i t  would respond with a change i n  current  t o  maintain 

a constant probe temperature, 

A 

The power o r  vol tage i n p i t  t z  +,he probe w a s  recorded on an osci l lograph 

chart, 

a t  var ious temperatures of probe and flow, t h e  f l u i d  state and t h e  f l u i d  veloc- 

Through a ca l ib ra t ion  t r a c e  of power as a funct ion of flow ve loc i ty  

i t y  are determined, The probe temperature i s  prese t  t o  t h e  desired value by 
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s e t t i n g  t h e  probe resis tance,  while t h e  f l u i d  temperature i s  determined w i t h  

a thermo coupl e. 

The se lec t ion  of probe temperature is important. I n  t h e  convective regime 

it is  obvious t h a t  t he  higher t h e  difference between t h e  probe temperature and 

t h e  bulk temperature t h e  b e t t e r  is  the  sensi t ivi ty .  

n i t e l y  an upper l i m i t  I n  probe temperature f o r  t he  case of two-phase flow, 

Se t t i ng  t h e  probe temperature too high (e, g. 

pera ture) ,  may r e s u l t  I n  f i l m  bo i l i ng  on t h e  hot  wire when l i q u i d  i s  passing 

t h e  probe, 

gard less  of whether vapor o r  l i q u i d  i s  passing it. 

were somewhere between 10' t o  100°F above t h e  sa tu ra t ion  temperature, nucleate  

bo i l ing  on t h e  probe may take place. 

bo i l i ng  occur i f  t h e  only purpose of h o t - f i l m  anemometry is  t o  determine t h e  

void f r ac t ion ,  s ince  the d i f fe rence  i n  the hea t - t ransfer  coe f f i c i en t  between 

t h e  two phases w i l l  be very large.  However, i f  information about l i q u i d  ve- 

l o c i t y  i s  desired,  nucleate boi l ing  on t h e  probe should be avoided, s ince  i n  

t h e  nucleate  boi l ing  regime t h e  veloci ty  e f f e c t  on hea t - t ransfer  coef f ic ien t  

i s  usua l ly  overshadowed by t h e  stro-ng ag i t a t ion  e f f e c t  of ebul l i t ion.  

a case, t h e  probe temperature should be l imi ted  t o  not more than about 10' F 

above sa tura t ion  temperature, 

However, t he re  i s  def i -  

100' F above t h e  sa tura t ion  tem- 

As a result, t h e  probe would continuously "see" vapor phase re- 

If t h e  probe temperature 

It i s  very des i r ab le  t o  have nucleate 

I n  such 

For t h e  present study? t h e  flow channel was a g l a s s  heating tube as de- 

sc r ibed  i n  reference [819 For each runT the  steam and t h e  hot water were pre- 

mixed t o  give t h e  desired flow pattern. A hLgh-speed rno?Zon p i c tu re  camera 

(capable  of 5000 frames per  see)  was used t o  photograph t h e  flow across t h e  

probe, The oscil lograph t r a c e  and the high-speed motion p ic tures  were provided 
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with a common t i m e  s ca l e  through simultaneously t r i gge red  60-cps t i m e  t r a c e r s  

so  t n a t  the reccrdings on both could be matched aga ins t  each other. 

To compare the re su l t s ,  the f i l m s  were analyzed frame by frame t o  deter-  

mine t h e  time and t h e  durat ion of each bubble passing t h e  probe, and t h e  f i l m  

record was then matched against  t h e  t rac ings  on t h e  osci l lograph record t o  

determine whether t h e  hot-wire anemometry system w a s  capable of sensing all 

t h e  events as observed through photographic study. 

APPLICATION AND EXAMPLE 

From t h e  comparison between the motion p ic tures  and t h e  oscil lograph 

t r a c e  of power input  t o  the probe, it was found that hot-f i lm anemometry is 

capable of giving t h e  following information: 

1, Qual i t a t ive  determination of  f low regime, -The osci l lograph t rac ings  

f o r  h r i o u s  flow regimes are d i f f e r e n t  enough so  t h a t  t h e  nature of t h e  flow 

pa t t e rn  can be determined by observing t h e  t racing,  Examples are shown i n  

Figs. 2 t o  5* Also shown? whenever feasible ,  are s t r i p s  of high-speed motion 

p i c tu re s  taken i n  t he  same runsI 

The t r ac ing  i n  Fig. 2 ind ica tes  t h a t  t h e  flow w a s  i n  t h e  bubbly regime, 

The probe was exposed t o  l i q u i d  most of t h e  t i m e ,  bu t  an occasional bubble 

passed t o  give a "blip" of shor t  duration, 

and +$he bubble veloci ty ,  t h e  length of a bubble can be determined, I n  bubbiy 

flow, t h e  bubbles are roughly spherical  i n  shape with diameters t h a t  are ldss 

than t h e  pipe diameter so  t h a t  t h i s  regime corresponds t o  a bubble length  t h a t  

i s  much less than t h e  pipe diameter, 

obtained i n  slug flow where t h e  duration f o r  each bubble passing t h e  pmbe is 

From t h e  duration of such a b l i p  

Fig, 3 i l l u s t r a t e s  the type of t r a c e  
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very long* 

is severa l  t i m e s  l u g e r  than t h e  pipe diameter* 

flow, 

Knowing t h e  ve loc i ty  of bubbles, it is  clear t h a t  t h e  bubble length  

This i s  cha rac t e r i s t i c  of slug 

Fig. 4 is t h e  t m c i n g  f o r  a m i s t  flow with lean  drople t  contenL The 

flow was predominately vapor, with occasional bombardment by a droplet, which 

is indicated by a b l i p  toward t h e  l i qu id  s ideo 

it is  very d i f f i c u l t  t o  catch t h e  image of a drople t  bombarding the  prober 

Fig, 5 i s  t h e  t r a c e  of a m i s t  flow with very r i c h  drople t  conten& Because ' 

of t h e  high frequency of  bombardment of t h e  probe by t h e  droplets,  t h e  f luc-  

tua t ions  of t h e  t r a c e  w e r e  predominantly tending toward the l i q u i d  s ideo 

occasionally w a s  t h e  probe completely dry as indicated by a l a rge  b l i p  tow& 

t h e  vapor s ide  of t h e  t r aceo  

t h a t  f o r  bubbly flow (see Fig. 21, 

quencies of and/or t h e  amplitudes of t h e  trace f luc tua t ions  i n  Figs.2 and 5,* 

t h e  d i f fe rence  between t h e  traces of t he  r i c h  mist flow and bubbly flow can 

s t i l l  be discerned, 

can be achieved with t h e  aEd of o ther  information such as qual i ty  o r  pas t  

Photographs are not shown s i n c e  

O n l y  

Such a t r a c e  sometimes i s  eas i ly  confised with 

However, by c lose r  examination of t h e  fre- 

Sometimes, d i f f e ren t i a t ion  between these  two flow regimes 

h i s t o r y  of flow pat terns ,  etc, Nonetheless, t h e  p o s s i b i l i t y  o f  confusing r i c h  

m i s t  w i t h  bubbly flow is a drawback of the appl ica t ion  of t h e  hot-fi lm anemom- 

e te r  t o  two-phase flow* One way t o  minimize t h i s  d i f f icu l%y would be t o  use a 

very small probe, 

It i s  not possible  t o  t e l l  by a probe i n  t h e  center l ine  whether an annular 

flow i s  achieved) however, i f  Yne probe coii-6 1;s t r w e r s e d  across t h e  tube, an 

all-1iqui.d t r ac ing  near t h e  w a l l  together with a vapor-dominating t r ac ing  a t  

the center  of t h e  tube should ind ica te  an annular flow, 
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2, Quant i ta t ive  determination of t he  void fract ion,  - The f r ac t ion  of t h e  

t .otal  t i m e  during which t h e  probe de tec ts  t h e  vapor phase can be considered as 

t h e  l o c a l  void fract ion,  Therefore, i f  the times f o r  each void t o  pass t h e  

probe are summed up and then divided by the  t o t a l  t i m e  span, it should g ive  

t h e  l o c a l  void fract ion* 

f l a w  which was based upon the o r ig ina l  t r ace  as shown i n  Fig. 3. The reduced 

data a r e  shown on a time scale on t h e  X-ax i s .  The corresponding da ta  reduced 

f r o m  high-speed motion p ic tures  are shown on t h e  same time sca l e  on t h e  Y - a x i s .  

A pe r f ec t  matching would be ly ing  on t h e  45' l i n e $  t h i s  probably i s  due mainly 

t o  t h e  uncertainty i n  determining the t a i l  end of bubbles from t h e  motion 

picture ,  

t a b l e  I, 

Fig. 6 shows the  void-fraction measurement f o r  a slug 

The void-frazt ion measurements shown i n  Fig, 6 are a l s o  tabulated i n  

It i s  c l e a r  tha t ,  i f  a t ravers ing  probe were used, a r a d i a l  d i s t r i b u t i o n  

Such technique should of void f r ac t ion  could be measured with good accuracy, 

be superior  t o  t h e  gamma-ray at tenuat ion method, which i s  most commonly use& 

I n  general ,  t h e  gamma-my method measures only t h e  time and space averaged 

ove ra l l  void f r ac t ion  a t  one section, Even i f  a scanning technique could be 
b 

used t o  obtain r a d i a l  d i s t r ibu t ion ,  t h e  e r r o r  would be general ly  r a t h e r  h i g h  

The d i f fe rence  between t h e  anemometry and gamma-ray at tenuat ion methods i s  

t h a t  the hot-wire probe I-ecoi-ds the t rue  lecal. var ia t ion  of t h e  void, while t h e  

gamma-ray method can only de tec t  t h e  var ia t ion  of t h e  t o t a l  void along t h e  path 

between t h e  source and t h e  detector, With t h e  anemometer, t h e  l o c a l  void frac-  

t i o n  is determined by integrating the time f r i c t i o n  i n  which t h e  probe w a s  ex- 

posed t o  vapor phase, while i n  t h e  gamma-ray method t h e  l o c a l  void f r a c t i o n  

can only be obtained through different ia t ion,  which usual ly  would result i n  a 
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much l a r g e r  error ,  

3. Bubble influerice, - Fig, 7(%) shows the  osci l lograph t rac ing  obtained 

during the  passage of a bubble, 

probe detected t h e  bubble in t e r io r ,  it ac tua l ly  detected first an increase  of 

l i q u i d  flow veloci tyo 

bubble, 

sphere i n  a flow r i e l &  

which is pushed up by a bubble can be cal led t h e  vanguard of t h e  bubble. 

expected, t h e  t r ac ing  a l s o  shovs t h e  wake of a bubble, 

t h e  wake was  greater than t h a t  of t he  main flow velocity,  

i n  figure 7 (a ) ,  Fig, 7 (b )  (same oscil lograph t r a c e  as  Fig. 3) shows t h e  

t r a c e  when a bubble bypassed the probe without ac tua l ly  touching it, 

hot-fi lm anemometer is very su i t ab le  for studying the  inf luence of bubbles on 

t h e  flow charac te r i s t ics ,  

It is in t e re s t ing  t o  no t ice  t h a t  before t h e  

The l i q u i d  apparently was pushed upward by t h e  r i s i n g  

This region is  equivalent t o  the  s tagnat ion point  on a s t a t iona ry  

However, t o  prevent possible  confusion, t h e  l i q u i d  

As 

The turbulence level i n  

This i s  a l s o  shown 

Thus t h e  

4, Flow oscilLati.on, - Fig, 8 shows t h a t  t h e  flow i s  under pulsation, The 

poin ts  A and B were a l s o  checked against  motion-picture r e su l t s ,  and t h e  d i f -  

ference was less than 1/60 seeond., Thus t h e  hot-wire anemometer can be used 

t o  determine whether a f l o w  i n s t a b i l i t y  has set in,  and i f  so3 t h e  frequency 

of  pulsation, 

I n  addi t fon te %h.e & o ~ e  messurements, t h e  authors found t h a t  t h e  following 

measurements could a l s o  be made? however, due t o  t h e  scope of t h e  problems, d i s -  

c u s s i m  here w i l l  be l imi ted  tc t h e  q u a l i t a t i v e  descr ip t ion  of f e a s i b i l i t y  of 

I 

I 

I 

ezch applicELioc, 
I 

5, Bubble rising velocity,  - Since t h e  probe a l so  sense flow veloci ty ,  the  

The r i s i n g  v e l o c i t i e s  of both bubbles and t h e  l i qu id  flow can be measured, 
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veloc i ty  of bubbles (with respect  t o  t h e  l i q u i d  flow) can be determined, Such 

information would be useful  i n  determining s l i p  r a t i o ,  o r  checking some of t h e  

ex i s t ing  cor re la t ions  for bubble r i s i n g  velocity, 

6- Turbulence leveL - As all t h e  oscil lograph t rac ings  show, t h e r e  are 

l o d a l  s d l - a m p l i t u d e  f luc tua t ions  t h a t  are due t o  turbulence* 

t r ac ing  can be used t o  determine t h e  turbulence level both i n  t h e  l i q u i d  phase 

and t h e  vapor phase and t h e  effect of one phase upon t h e  other.: 

An accurate  

7, Determination of quali ty,  - A very important appl icat ion of hot-fi lm 

anemometry is t o  determine t5e qua l i ty  of a two-phase flow, 

l i k e  a reversa l  of t h e  general  practice,  

flow, t h e  qua l i t y  that w a s  computed w a s  first based upon thermodynamic equi- 

libriumg then a s l i p  r a t i o  was assumed o r  estimated; and f i n a l l y  t h e  void 

f r a c t i o n  is  computed, Howeveryeit has been found by many researchers  [ 8 ,  9, 

and 10 1 t h a t  thermodynamic equilibrium ac tua l ly  is  not necessar i ly  achieved. 

I n  f ac t ,  it is  more often t h e  case t o  have nonequilibrium than equilibrium, 

Thus, t h e  problem is t o  estimate t h e  qua l i ty  when thermodynamic equilibrium i s  

not achieved, Since the hot-film anemometer i s  capable of  measuring both void 

f r a c t i o n  and s l i p  velocity,  it i s  possible to compute quali ty* 

formation about qua l i t y  i n  nonequilibrium state is  accumulated t o  cover a range 

01" conditions, It wmild pLelp 

This may seem 

I n  the past, f o r  a bo i l ing  two-phase 

If enough in -  

"art" o f  e s t imt . ing  q u d i t y .  

DISCUSSION 

I n  t h e  last  section,* some of t h e  po ten t i a l  uses of hot-fi lm anemometry 

were suggested, 

f i l m  anemometry w i l l  be mentioned, 

I n  t h i s  section, t h e  overa l l  merits and l imi t a t ions  o f  hot- 
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1. Merits 

( a )  It gives  l o c a l  de ta i led  s t ruc tu re  of two-phase flow, 

(b) The probe gives  high-frequency response+ A t i m e  recording shows 

t h e  h i s to fy  of flow passing a probe, 

(c)  It is versatile i n  applicationo 

(a) It is easy t o  i n s t a l l  and Eitmple t o  operate, and it can be in-  

s t a l l e d  i n  any heat ing channel. 

2. Limitations 

(a) The f l u i d  must be e l ec t r f ca l ly  nonconductive. For a conductive 

f lu id ,  an insu la t ing  coating should be applied t o  t he  probe. 

it might be d i f f i c u l t  t o  f i n d  an insu la t ing  coating t h a t  would remain In- 

t a c t  while not g rea t ly  impeding t h e  frequency response. 

Sometimes 

(b)  The probe i s  rather fragi le .  

( c )  If the drople t  or bubble is s ign i f i can t ly  smaller than the  probe 

dimensions ( length) ,  t he  change i n  power input  when only p a r t  of the  probe 

i s  bombarded by the dispersed phase may not be s ign i f i can t  enough t o  show 

va r i a t ion  on the t r ee% 

(d )  There i s  a p o s s i b i l i t y  of confusing r i c h  m i s t  flow with bubbly 

;s flow, 

Sa Possible  modifications 

(a) The probe can be made of other material, such as a very f i n e  w i r e  

of tungsten or platinum. The hot-wire probes are s tu rd ie r  than the  hot- 

f i i m  probe made of a piatini;uii-coat&i g l a s s  cyLLnder, uhich wss US& in 

t h e  present  study, 
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(b) The probe can be made i n  another geometry, such as a s l i d i n g  rod 

wi th  a small sec t ion  as t h e  heating element, 

( e )  An "on-off'" switch c i r c u i t  can be incorporated i n  t h e  c i rcu i t  

t o  automatically i n t e g r a t e  all the small void i n t e r v a l s  t o  g ive  a mean 

void- f ract ion  r ead i  ng6 

(a) The probe should be made as small as poss ib le  t o  minimize limita- 

t i o n s  (e) and (a), 

CONCLUSION 

The hot-film anemometer technique was used to make two-phase flow measure- 

ments+ 

hot-fi lm anemometero 

versatile d u t i e s  i n  two-phase flow measurements including: 

i d e n t i f i c a t i o n  of flow regimes, flow o s c i l l a t i o n p  bubble influence, etc, 

tat ive r e s u l t s  a l s o  i n d i c a t e  t h e  p o s s i b i l i t y  of using such a probe t o  determine 

s l i p  r a t i o  and vapor r 'quaiity" i n  nonequilibrium state. 

High-speed motion p i c tu re s  were used t o  check t h e  r e l i a b i l i t y  of t h e  

The r e s u l t s  show t h a t  hot-fi lm anemometry can perform 

void f r ac t ion ,  

Quali-  
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